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with BMI during SA was SSD = 3.144 + 0.067×BMI −  
0.0001×BMI×BMI.
Conclusion  Knowing that the SSD is increased in preec-
lamptics compared to normotensive gravidas may be of 
value in terms of selecting needle, and providing safe and 
comfortable anesthesia.

Keywords  Spinal anesthesia · Preeclampsia · Skin to 
subarachnoid distance

Abbreviations
SSD	� Skin to subarachnoid distance
SA	� Spinal anesthesia
SED	� Skin to epidural distance
ACOG	� American College of Obstetricians and 

Gynecologists
ASA	� American Society of Anesthesiologists
ASA PS	� American Society of Anesthesiologists Physical 

Status

Introduction

Preeclampsia is characterized by increased extracellular 
fluid which manifests as generalized edema. The mecha-
nism of pathological fluid retention is thought to be due 
to endothelial injury and subsequent capillary leak [1]. 
The degree of glomerular capillary leak causing proteinu-
ria, which reduces plasma oncotic pressure, further aggra-
vates the clinical picture. Preeclampsia is a pregnancy-
specific syndrome that can affect virtually every body part 
or organ system, as does the edema it causes [1]. Although 
not prominent like facial, pretibial, and abdominal edema, 
lumbosacral edema can be observed in patients with preec-
lampsia. The incidence and severity of lumbosacral edema 
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Background  Preeclampsia is characterized by increased 
extracellular fluid which manifests as generalized edema 
due to endothelial injury and subsequent capillary leak. 
Therefore, preeclampsia may lead to increased skin to sub-
arachnoid distance (SSD) which may influence daily clini-
cal practice in this particular gravid population.
Methods  Age- and height-matched gravidas with and 
without preeclampsia were enrolled prospectively at an 
allocation ratio of 1:4. Spinal anesthesia (SA) was per-
formed in a sitting position by a mid-line approach at the 
L3–L4 interspace using a 25-gauge Quincke spinal needle. 
An internal pilot study was performed to determine the 
sample size. When the protocol violations were excluded, 
146 gravidas were included in the study (25 preeclamptics 
and 121 normotensive controls) for final analysis.
Results  On average, SSD was 0.89  cm greater in preec-
lamptics compared to normotensive controls. Mean val-
ues of the SSD in preeclamptic and normotensive control 
group patients at the L3–L4 interspace were 6.187 ± 0.967 
and 5.301  ±  0.834  cm, respectively. SSD was signifi-
cantly correlated with body weight and body mass index 
(BMI). The regression formula for the estimation of 
SSD in preeclamptic gravidas with BMI during SA was 
SSD =  3.696 +  0.075×BMI. The regression formula for 
the estimation of SSD in the normotensive control group 
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in preeclamptic gravidas, and the resulting effect on the 
skin to subarachnoid distance (SSD) and performance of 
spinal anesthesia (SA) has not been thoroughly investigated 
in the English literature. Although an increase in SSD is 
anticipated in preeclamptics, to what extent preeclampsia 
affects SSD has not been investigated. Distance from skin 
to epidural space and SSD, and their reference ranges have 
been published previously [2, 3]; however, studies in the 
obstetric population are limited and based on healthy gravi-
das. Hence, the purpose of this study is to determine the 
difference in SSD between preeclamptic and normotensive 
pregnant patients.

Methods

In order to evaluate the SSD, age-matched and height-
matched subjects were enrolled in a prospective cohort study 
(Fig.  1). Due to the edematous state and excessive weight 
gain associated with preeclampsia, patients were not matched 
according to body weight. Consecutive severe preeclamptic 
and normotensive gravidas scheduled for cesarean section 
were included. Because the incidence of severe preeclamp-
sia is approximately 1 % [4], we planned an allocation ratio 
of 1:4. Severe preeclamptics were chosen because of the 
frequent requirement of cesarean section which is approxi-
mately 75–90  % [5]. Patient characteristics including age, 
height, body weight, body mass index (BMI), and gestational 
age and laboratory values were recorded preoperatively. As 
the effect of preeclampsia on SSD has not been previously 

evaluated in the English literature, we performed an internal 
pilot study to determine the sample size [6].

Internal pilot study

Sample size was calculated from the estimated parameters 
([standard_deviation1-0.962, standard_deviation2-1.224], 
difference of means [0.7459]) obtained from the pilot study. 
The planned allocation ratio was 1:4 and 51 patients were 
included in the pilot study. To calculate the sample size we 
used PiFace version 1.76 [7]. The calculated sample sizes 
with an allocation ratio of 1:4, alpha 0.05 and power of 
90 % were 25 for preeclampsia and 100 for the normoten-
sive control group. The number of subjects was increased 
to account for protocol violation.

Exclusion criteria

Exclusion criteria included multi-fetal gestation, previous 
diagnosis of renal failure, heart failure, and either gestational 
or type I/II diabetes mellitus, allergy to local anesthetics, 
neurologic and hematologic diseases excluding the manifes-
tations of preeclampsia, and gravidas that refused SA.

Diagnosis and determination of severe features 
preeclampsia

Recently, the American College of Obstetricians and 
Gynecologists (ACOG) updated their guidelines for the 
management of hypertensive disorders in pregnancy. 

Fig. 1   Study flowchart
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Diagnostic criteria for preeclampsia and criteria for severe 
features of preeclampsia were adopted from the ACOG 
guidelines, of which details can be found elsewhere [8]. 
New-onset hypertension with proteinuria was used for the 
diagnosis of preeclampsia. In the absence of proteinuria, 
new-onset hypertension with any of the following—throm-
bocytopenia, renal insufficiency, impaired liver function, 
pulmonary edema, or cerebral or visual disturbances—was 
used to diagnose preeclampsia [8]. Only severe preeclamp-
tic patients were included in the study. Severe features of 
preeclampsia were defined according to the criteria pro-
vided in Table 1 [8].

Spinal anesthesia and SSD measurement

After arrival in the operating room, continuous monitor-
ing of vital signs (ECG, noninvasive blood pressure and 
pulse oximetry) was introduced. Before the spinal injec-
tion, 500 ml lactated Ringer’s solution was administered by 
rapid intravenous infusion. The bony landmarks and pos-
sible place of L3–L4 was marked using Tuffier’s line as a 
guide. After aseptic preparation of skin, SA was performed 
in a sitting position by a mid-line approach at the L3–L4 
interspace using a 25G × 90 mm Quincke spinal nee-
dle that was inserted perpendicular to the skin. There was 
free flow of clear cerebrospinal fluid as the needle entered 
the subarachnoid space. Following an intrathecal injec-
tion, the spinal needle was grasped between the thumb and 
index finger during removal from the patient’s back. From 
the point grasped, the SSD was measured using rulers. An 
attempt to reach the subarachnoid space was accepted as 
failure if the needle was retracted for patient discomfort, 
contact with bony structures, or changing the needle angle. 
The number of attempts was recorded. All SA procedures 
were performed by anesthetists with over 5 years of experi-
ence (BB and BK).

Statistical analysis

Normal distributions of the variables were assessed via 
Kolmogorov–Smirnov test, Q–Q plots and histograms. 

Mean ±  standard deviation were reported for continuous 
variables and median and ranges were reported for ordi-
nal and categorical variables. Baseline characteristics were 
compared using the t test for normally distributed continu-
ous variables and Mann–Whitney U test for continuous 
variables without normal distribution and ordinal variables. 
Categorical variables were compared using chi-squared 
test with post hoc tests when required. For the detection of 
associations between variables, correlation analysis with 
construction of correlation matrix was performed. Sig-
nificant correlations with large effect sizes according to 
Cohen’s guidelines were used to indicate the presence of 
factors that may affect SSD. Curve fitting and regression 
analysis  were used for curve estimation and the corre-
sponding equations were obtained. For the indicated equa-
tions, residual plots were obtained and controlled for sym-
metry and linearity; from these equations estimated mean 
values were calculated according to BMI.

All statistical tests were two-sided with a significance 
level of 0.05. Analyses were exploratory and did not adjust 
for multiple testing. Data analysis and management was 
performed using IBM SPSS 21 (IBM SPSS Statistics for 
Windows, version 21.0; IBM Corp. Armonk, NY, USA).

Ethics statement

All study documents and procedures were approved by 
the institutional review board at the University of Selçuk, 
Konya. All subjects provided written informed consent 
prior to initiation of study procedures. The study protocol 
conforms to the ethical guidelines of the 2013 Declaration 
of Helsinki [9].

Results

A total of 146 gravidas (121 normotensive and 25 preec-
lamptic patients) were included for statistical analy-
sis (Fig.  1). Patient characteristics are shown in Table  2. 
Patients with preeclampsia had higher BMI and body 
weight just before delivery; however, the BMI and body 

Table 1   Criteria for severe features of preeclampsia (any of these findings)

Systolic blood pressure ≥160 mmHg, or diastolic pressure ≥110 mmHg on two occasions at least 4 h apart while the patient is on bed rest 
(unless antihypertensive therapy is initiated before this time)

Thrombocytopenia (platelet count <100,000/μl)

Impaired liver function (twice the normal concentration), severe right upper quadrant pain or epigastric pain unresponsive to medication and not 
accounted for by alternative diagnosis, or both

Progressive renal insufficiency (serum creatinine concentration >1.1 mg/dl or a doubling of the serum creatinine concentration in the absence of 
other renal disease)

Pulmonary edema

New-onset cerebral or visual disturbances
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weight before pregnancy were not statistically differ-
ent between groups. Gravidas with preeclampsia were 
also delivered 3.73  weeks earlier than the control group. 
Patients with preeclampsia had significantly lower birth 
weight; however, the absolute weight gain during preg-
nancy between groups was not significantly different. To 
control for the effect of gestational age and birth weight we 
used the formula ([weight gain − birth weight]/[gestational 
age/40]). After correction, the weight gain was significantly 
higher in preeclamptic gravidas (p = 0.036). Although the 
patients with preeclampsia were delivered earlier with a 
lower birth weight, they had gained more weight than the 
controls which is probably due to increased extracellular 
fluid and generalized edema. As expected, the American 
Society of Anesthesiologists (ASA) physical status (PS) 
scores and mean arterial pressures during SA were higher 
in the preeclamptic group.

Mean values of the SSD in preeclamptic and normoten-
sive control group patients at the L3–L4 interspace were 
6.187 ± 0.967 cm and 5.301 ± 0.834 cm, respectively. SSD 
was significantly greater in preeclamptics compared to nor-
motensive controls. In the constructed correlation matrix, 
SSD was significantly correlated with grouping variable, 
gestational age, ASA PS score, weight before pregnancy, 
weight before delivery, BMI before pregnancy, BMI before 
delivery, infant birth weight, number of attempts, and initial 
mean arterial pressure. When the two groups were analyzed 
separately gestational age, ASA score, infant birth weight, 
number of attempts and mean arterial pressure lost their sig-
nificance. The correlations between SSD and BMI (Spear-
mans rho statistic [rs]  =  0.433, p  =  0.001 normotensive 

control; [rs]  =  0.412, p  =  0.041 preeclamptic) and body 
weight ([rs] = 0.430, p = 0.001 normotensive; [rs] = 0.410, 
p = 0.042) retained their significance in both groups. Curve 
fitting was used to obtain regression equations according to 
BMI before delivery. The regression equation for the estima-
tion of SSD in preeclamptic gravidas with BMI before deliv-
ery was SSD = 3.696 + 0.075×BMI (R-squared = 0.199; 
p =  0.025). The regression equation for the estimation of 
SSD in normotensive gravidas with BMI before delivery 
was SSD  =  3.144  +  0.067×BMI  −  0.0001×BMI×BMI 
(R-squared = 0.283; p = 0.001). Estimated regression for-
mulas for SSD superimposed onto a scatter plot according to 
BMI before delivery are shown in Fig. 2.

Discussion

Measurement of the skin to epidural distance (SED) in the 
obstetric population had been the subject of several stud-
ies in the English literature and various mathematic models 
have been proposed to estimate the measurement [10–13]. 
However, studies determining SSD in the obstetric popu-
lation are few and have not evaluated differences, if any. 
Moreover, they were based on healthy pregnant subjects 
[2, 14]. To the best of our knowledge, this is the first study 
to evaluate the effect of preeclampsia on SSD. Our study 
hypothesis was that there would be a significant difference 
in SSD between preeclamptic and normotensive controls 
due to underlying disease pathophysiology. In accord-
ance with our hypothesis, SSD was larger by an average of 
0.89  cm in preeclamptic patients. As in previous studies, 

Table 2   Patient demographics

ASA American Society of 
Anesthesiologists, SSD skin to 
subarachnoid distance
a   Either mean ± standard 
deviation or median (ranges) 
were reported in this table

Preeclampsia groupa Normotensive groupa p

Age 28.52 ± 6.015 28.75 ± 5.707 0.855

ASA 3 (1) 1 (2) 0.001

Gravidity 2 (5) 3 (5) 0.355

Living children 1 (0–5) 1 (0–5) 0.176

Height 160.96 ± 4.95 160.47 ± 6.97 0.96

Infant birth weight (g) 2,301 ± 812.372 3,250.86 ± 523.352 0.001

Gestational age (weeks) 34.65 ± 3.2 38.38 ± 1.496 0.001

Number of attempts for needle insertion 1 (3) 1 (2) 0.213

SSD (cm) 6.187 ± 0.967 5.301 ± 0.834 0.001

Initial mean arterial pressure 129.61 ± 20.268 99.65 ± 12.37 0.001

Initial pulse rate 93.87 ± 15.337 100.47 ± 16.380 0.076

Initial oxygen saturation 98.87 ± 1.517 98 ± 1.461 0.851

Body weight before pregnancy (kg) 72.17 ± 15.622 66.26 ± 14.038 0.086

Body weight before delivery (kg) 85.92 ± 13.279 78.28 ± 14.902 0.019

BMI before pregnancy 27.825 ± 6.529 25.778 ± 5.524 0.104

BMI before delivery 33.161 ± 6.747 30.439 ± 5.861 0.036

Absolute weight gain during pregnancy (kg) 13.96 ± 8.638 12.02 ± 5.561 0.290

Corrected weight gain during pregnancy (g) 13,498 ± 9,587 9,127 ± 5,650 0.036
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BMI significantly influenced the SSD as well as preec-
lampsia; however, with increasing BMI, the difference in 
SSD between preeclamptics and normotensive controls 
also increased (Fig. 2). In 1990, Meiklejohn et al. reported 
SED in gravidas without preeclampsia receiving epidural 
anesthesia during labor [12]. They compared patients who 
were noted by the anesthetist to have clinically signifi-
cant edema with patients without and found a significantly 
deeper distance in patients who seemed to be edematous 
(5.44 vs 4.69  cm) [12]. Besides preeclampsia, pregnancy 
itself is characterized by increased extracellular fluid which 
may lead to increased SSD; however, without doubt preec-
lampsia further expands the SSD.

Preeclampsia affects 5–7  % of pregnancies and is a 
significant cause of maternal and neonatal morbidity and 
mortality [15]. As emphasized by practice guidelines from 
the ASA and the ACOG, neuraxial anesthetic techniques, 
when feasible, are strongly preferred to general anesthesia 
for preeclamptic parturients. Formerly, concerns of SA for 
patients with preeclampsia were precipitous hypotension 
and its effect on preexisting uteroplacental hypoperfusion, 
risk of inducing hypertension and pulmonary edema with 
subsequent efforts to correct hypotension [16]. These fac-
tors which prevented the widespread use of SA in severe 
preeclamptics are probably one of the reasons which pre-
vented the study of SSD in preeclamptics. However, further 
studies showed that parturients with severe preeclampsia 

experience less frequent and less severe hypotension, and 
smaller ephedrine requirement than healthy parturients 
[16, 17]. The explanation given suggested that preeclamp-
sia is characterized by vasospasm with increased sensitiv-
ity to vasopressors and preeclamptics tend to have smaller 
fetuses which could result in less aortocaval compression 
[17]. Therefore, SA has become a reasonable option in 
severe preeclampsia when emergent cesarean delivery is 
indicated. Moreover, generalized edema in preeclampsia 
can be a major concern in anesthetic management resulting 
in narrower upper airway, exacerbated hypertension, failed 
intubation and aspiration [18] or pulmonary edema [19]. 
Accordingly, maternal mortality statistics identify general 
anesthesia as a greater risk to paturients than neuraxial 
techniques [20, 21]. In the present study, we demonstrated 
that edema in subcutaneous tissue in preeclamptics changes 
the SSD and gives rise to the need to establish a relation-
ship between physical parameters and SSD.

SA offers quicker onset of anesthesia than epidural or 
combined spinal epidural anesthesia, which is a critical 
advantage in emergency situations. When faced with a preec-
lamptic patient who needs urgent cesarean section, there 
needs to be an opinion about SSD in order to prevent failure 
to reach the subarachnoid space. In this context, the selec-
tion of spinal needle length becomes a priority. When spi-
nal needles are used with an introducer, the effective length 
of the needle is shortened by 12–22 mm depending on the 

Fig. 2   Scatter plot with superimposed estimated regression equations and lines according to groups
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needle pack used [22, 23]. Although the introducer needle is 
helpful to reduce deflection (which is particularly useful in 
obese patients), the effect of the introducer combined with 
the effect of preeclampsia on SSD probably increases the 
chance of inadequate block. The type of needle set and tech-
nique that can reach the dura should be chosen according to 
the estimated SSD of the preeclamptic patient. On the other 
hand, if an epidural or combined spinal/epidural is selected 
as an anesthetic management technique during cesarean sec-
tion, a more precise estimate of the SSD could help to reduce 
the risk of inadvertent dural puncture [11], or prevent failure 
to reach the subarachnoid space [24, 25]. Taking everything 
into consideration, we also analyzed the number of attempts 
for SA and whether the presence of preeclampsia increased 
the number of attempts for SA; however, there was no sig-
nificant difference between the two groups. Although preec-
lampsia significantly increases SSD, this did not translate 
into an increased number of attempts in our study.

In the present study, SSD for the whole cohort was 
5.45 ± 0.92 cm (3.1–8). Bassiakou et al. reported that the 
median SSD at the same level in the lateral decubitus posi-
tion was 6.5 ± 1.2 cm (4.6–10) [2]. Recently, Prakash et al. 
reported a mean SSD value of 4 cm [14], which is consider-
ably less than previous studies. The disparity in these val-
ues can partly be explained by differences in the methods of 
measurement, the positioning of the parturient, and the type 
and heterogeneity of the particular population. However, 
both studies reported that weight and BMI significantly 
affected SSD, which was in agreement with our study.

Ultrasonography was used to determine the subarach-
noid space in previous studies [26, 27]. However, during 
the course of pregnancy, weight gain and edema cause 
a decrease in the visibility of the ligamentum flavum 
[28]. Preeclampsia-related edema may possibly further 
increase the difficulty in visualization of the ligamentum 
flavum. Although these factors create further challenges, 
ultrasound-guided studies may be performed to construct 
physical parameters as significant predictors of the SSD in 
preeclamptic parturients.

In conclusion, when conducting a cesarean delivery in 
preeclamptic patients via regional techniques, knowledge 
of increased SSD compared to normotensive gravidas may 
be of some value in selecting appropriate needle/needle set, 
and in terms of safety and success.
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